Objective: Mothers of neonatal intensive care unit (NICU) patients sometimes bring expressed milk that is blood tinged to the NICU. In certain instances, the blood contamination appears minimal, whereas in others, the milk is quite dark pink. We have observed inconsistencies in practice regarding whether or not to feed blood-tinged colostrum or milk to NICU patients. We know of no evidence that establishes best practice in this area, and thus we sought to determine attitudes of NICU professionals on which to base a potentially best practice.
Introduction
Patients requiring neonatal intensive care can receive advantages from human milk feedings. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] Despite these advantages, we have observed that when a mother brings in a blood-tinged collection of colostrum or milk, some neonatal intensive care unit (NICU) professionals recommend discarding the milk, citing various risks and concerns, whereas others maintain that it should be fed. We found no evidence to establish best practice regarding this issue, nor could we identify any study of the common reasons voiced for feeding vs discarding bloodtinged milk for NICU patients. As a step toward obtaining data to define best practice, we conducted an anonymous web-based survey within Intermountain Healthcare, a multihospital healthcare system in the western United States with 18 hospitals offering labor and delivery services. The survey responses are described here.
Methods
All NICU Intermountain Healthcare employees within the following occupational categories were sent the survey through the Intermountain Healthcare e-mail system. The categories were neonatologist, neonatal nurse practitioner, NICU nurse, NICU dietician and lactation consultant. Two reminders were sent through the same e-mail system; the first was sent 1 week after the initial mailing and the second 2 weeks after the initial mailing. After 4 weeks of the initial mailing, the survey was closed. The Intermountain Healthcare Institution Review Board approved this survey. The survey (SurveyMonkey.com) included the color photographs as shown in Figure 1 , where sample 1 illustrates human milk contaminated with a small quantity of blood such that the color is very light pink against a true white background. Sample 2 illustrates milk contaminated with a 10-fold larger quantity of blood such that the color is definitely pink; and sample 3 illustrates blood contamination with 10-fold, again larger quantity of blood such that the color is nearly red.
The first three questions in the survey involved the respondent's usual practice regarding whether to recommend feeding a sample such as shown in the photograph as samples 1, 2 and 3. Question 4 surveyed the reasons for NOT feeding blood-tinged samples, if not feeding was selected from a list of six responses. The six responses given as possible choices are listed in Table 1 . Question 5 asked respondents to estimate the amount of blood contaminating the milk in sample 3. The survey did not disclose the actual amount of blood contamination. The three milk samples photographed had been 'spiked' with measured quantities of anticoagulated whole blood, so that sample 1 had a 'hematocrit' of 0.01% (one part erythocytes in 10 000 parts milk), sample 2 was 0.1% (one part erythrocytes in 1000 parts milk) and sample 3 was 1% (one part erythrocytes in 100 parts milk).
Descriptive statistics were calculated using Statit (Corvallis, OR, USA). Dichotomous variables were compared between groups using a w 2 -test. For all comparisons, two-tailed tests were used and a P-value of <0.05 was deemed significant.
Results
The web-based survey was sent to 667 NICU professionals, as listed in Table 2 . The overall return rate was 64%, with a Human milk spiked with blood, to produce one part erythrocytes in 10 000 parts milk. Sample 2. Human milk spiked with blood, to produce one part erythrocytes in 1000 parts milk. Sample 3. Human milk spiked with blood to produce one part erythrocytes in 100 parts milk. Table 1 Selections provided in the survey as explanations for NOT feeding the milk represented in the figure as sample 3 1. The blood might subsequently appear in stools, and might result in an evaluation for necrotizing enterocolitis, thus unnecessarily costing money, time and discomfort. 2. If there is subsequent emesis, the blood-tinged fluid might result in an evaluation for upper GI bleeding, thus unnecessarily costing money, time and discomfort. 3. The blood might cause GI upset or increase the odds of feeding intolerance. 4. The blood might increase the odds of transmitting an infectious disease from mother to baby. 5. I am not certain of the reason, but I believe that it is not a good practice to feed blood-tinged milk to NICU patients. 6 . This question does not apply to my usual practice, because I would feed the milk illustrated in photograph 3.
Survey respondents were asked to select any number of the possibilities that represented their views regarding feeding blood-tinged milk to NICU patients.
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MM Phelps et al range of 59% among NICU nurses to 100% among lactation consultants. The percentages of respondents advocating discarding the milk illustrated in Figure 1 , samples 1, 2 and 3 are shown in Table 1 . Feeding blood-tinged milk was recommended by a larger proportion of the neonatologists and lactation consultants compared with the other groups of professionals. The reasons given for discarding blood-tinged milk are shown in Table 3 . The most common reason selected was that the blood might cause gastrointestinal upset or increase the odds of feeding Five respondents failed to identify themselves as belonging to one of the five groups of professionals and five were not tabulated. intolerance. Fewer NICU dieticians indicated that the bloody milk would cause feeding problems. Most survey respondents (87%) overestimated the amount of blood contaminating the milk sample (Table 4) .
Discussion
The term 'rusty-pipe syndrome' has been used to describe a generally painless condition where expressed colostrum or milk is rust colored, pink or red. 14- 18 The cause of this condition is speculated to be intraductal bleeding on the basis of rapidly developing and easily traumatized mammary alveoli. The condition is said to be more common in first-time mothers and sometimes induced or exacerbated by nipple exercises (as with inverted nipples). Lafreniere estimated that 15% of lactating women have blood in their early secretions. 18 On-line advice to mothers expressing blood-tinged milk ranges from abandoning breast feeding 14 to continuing breast feeding with the assurance that the blood will not harm her baby. 15, 16 A similarly wide range of responses can be heard when blood-tinged colostrum or milk is brought to the NICU by mothers for feeding their ill neonate.
Human milk can offer advantages to NICU patients. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] Moreover, the unique aspects of colostrum give one pause about discarding it, when brought to the NICU, even if it is blood-tinged. Colostrum's unique composition includes more than twice the concentration of protein of mature milk with four to eight times of the B12 and vitamin E concentration, 19 plus the cells of maternal origin. 20 Thus, deciding that an NICU mother's colostrum should be discarded on the basis of blood contamination can be of medical relevance. When expressed milk is discarded by NICU professionals, an unintended message of inadequacy can be conveyed to a mother who might already be dealing with guilt from delivering a preterm or otherwise ill neonate. 21 Certainly, if significant risks to the well-being of the neonate can occur consequent to consuming blood-tinged milk, caregivers and mothers alike would wish bloodtinged milk to be discarded. Thus, evidence is needed regarding the severity and likelihood of problems caused by feeding blood-tinged milk, thereby enabling informed decisions.
We reasoned that one step toward obtaining the needed evidence would be a survey of the NICU professionals involved in decisions to feed vs discard blood-tinged milk. Only 2% of our survey respondents recommend feeding the sample 3. Most respondents indicated that such feedings would cause gastrointestinal upset and feeding intolerance. However, respondents nearly always overestimated the amount of blood contaminating the milk sample. As shown in sample 2 of the figure, blood contamination of just one part erythrocyte per 1000 parts milk results in distinctly pink milk, and as shown in sample 3, blood contamination of only one part erythrocytes per 100 parts milk results in a red color.
We are aware of several pitfalls in this study. First, the findings only reflect the attitudes of NICU professionals in one section of the western United States, and may not represent attitudes held more generally in the united states or internationally. Second, survey responses do not always accurately reflect actual practice. 22 However, we have no method of validating the percentage of bloodtinged milk samples brought to our NICUs for feeding that were discarded, because such information is not generally charted. Finally, we realize that 'standard' practice, as indicated by the most common survey responses, is not always synonymous with the 'best' practice. 23 Therefore, although standard practice in the Intermountain Healthcare NICU system is to discard blood-tinged milk, we maintain that more study is needed before that practice can be endorsed as best.
Guided by the survey responses, we are now prospectively tracking NICU patients who are fed blood-tinged milk expressed by their mothers. Our aim is to quantify those risks most commonly cited in our survey. We encourage other centers to similarly record and report their data, with the intention of accumulating evidence to facilitate risk/benefit analyses when a mother brings to the NICU blood-tinged milk to feed her baby.
